Lysophosphatidic acid (LPA) is a lipid mediator that plays a role in the process of wound healing in animal tissues, including the digestive tract. We determined LPA in several foodstuffs, and found that cabbage leaves were the richest source of LPA. We also found that, at 22 and 195 nmol/g (wet weight), LPA and phosphatidic acid (PA) were respectively formed during mastication of raw cabbage leaves and that the resulting PA was converted to LPA by pancreatic phospholipase A 2 . The lipid extract obtained from ground cabbage leaves promoted the proliferation of Swiss 3T3 fibroblasts and the motility of HGC-27 cells, stomach-derived epithelial-like cells, at physiologically relevant concentrations. These activities of cabbage lipids were inhibited by Ki16425, an LPA-receptor antagonist. LPA formed during the digestion of cabbage leaves may be one of the components in the beneficial effect of ingested cabbage on a damaged digestive tract.
Lysophosphatidic acid (LPA) is a lipid mediator that plays a role in the process of wound healing in animal tissues, including the digestive tract. We determined LPA in several foodstuffs, and found that cabbage leaves were the richest source of LPA. We also found that, at 22 and 195 nmol/g (wet weight), LPA and phosphatidic acid (PA) were respectively formed during mastication of raw cabbage leaves and that the resulting PA was converted to LPA by pancreatic phospholipase A 2 . The lipid extract obtained from ground cabbage leaves promoted the proliferation of Swiss 3T3 fibroblasts and the motility of HGC-27 cells, stomach-derived epithelial-like cells, at physiologically relevant concentrations. These activities of cabbage lipids were inhibited by Ki16425, an LPA-receptor antagonist. LPA formed during the digestion of cabbage leaves may be one of the components in the beneficial effect of ingested cabbage on a damaged digestive tract.
Key words: lysophosphatidic acid; cabbage; digestive tract; wound healing Lysophosphatidic acid (LPA) is a lipid mediator that induces growth factor-like responses in numerous types of body cells via its specific G-protein coupled receptors. 1) LPA is present in human blood and follicular fluid, 2) and plays significant roles in the processes of early pregnancy and embryonic development such as implantation, 3) brain development 4) and angiogenesis. 5) One of the functions of LPA in the mature adult is promotion of wound healing. 1) In response to tissue injury, lysophosphatidylcholine (LPC) released from activated platelets is hydrolyzed by lysophospholipase D/autotaxin in the blood, [6] [7] [8] [9] and resulting LPA promotes the proliferation and motility of fibroblasts and epithelial cells in the region of damaged tissue. 1) In fact, the administration of LPA has been shown to promote wound healing of injured rat skin.
10) The wound healing activity of LPA has also been demonstrated in damaged digestive tissue. [11] [12] [13] Deng et al. have demonstrated that an oral administration of LPA protected and rescued intestinal epithelial cells from apoptosis.
12,13) Sugiura et al. have shown that LPA was present in saliva and promoted the proliferation of cancerous cells originating in the mouth, pharynx and esophagus. 14) Li et al. have shown that LPA inhibited secretory diarrhea by modulating the chloride channel activity of intestinal epithelial cells. 15) LPA 2 , an LPA receptor present on the apical surface of intestinal epithelial cells, mediated this effect. 15) GPR93, a G protein-coupled receptor expressed in enterocytes, has recently been identified as a receptor that regulates mucosal cell proliferation, differentiation and hormonal secretion. 16) Interestingly, LPA and a protein hydrolysate activated GPR93 synergistically. 16) These findings suggest the possibility that LPA-rich foods can affect the homeostasis of intestinal mucosa and accelerate wound healing of damaged digestive tissue via LPA receptors. However, no extensive analysis of LPA in foodstuffs has yet been conducted, although in vivo vasoactivity was found for LPA isolated from soybean lecithin 30 years ago. 17) In the present study, we quantified LPA in several foodstuffs by matrix-assisted laser desorption/ionization time-of-flight mass spectrometry (MALDI-TOF MS) of its Phos-tag complex. 18) We demonstrate that LPA was formed during the mastication of cabbage leaves, the richest source of LPA. These results suggest the possibility that digesting cabbage leaves could promote healing of damaged digestive tract tissues.
Materials and Methods
Materials. 2,4,6-Trihydroxyacetophenone (THAP) was purchased from Aldrich Chemical Co. (Milwaukee, WI, USA). Phos-tag was obtained from Nard Institute (Hyogo, Japan) and Manac (Hiroshima, Japan). Phospholipase A 2 (PLA 2 ) from porcine pancreas and lipase from porcine pancreas were obtained from Sigma (St. Louis, MO, USA). Ki16425 was kindly presented by Kirin Brewery Company (Tokyo, Japan). 1-Oleoyl-2-lyso-sn-glycero-3-phosphate (18:1 LPA) y To whom correspondence should be addressed. Present address: Institute of Health Biosciences, University of Tokushima Graduate School, Tokushima 770-8505, Japan; Tel: +81-88-633-7249; Fax: +81-88-633-9572; E-mail: tanakat@ph.tokushima-u.ac.jp Abbreviations: BSA, bovine serum albumin; CCK-8, cell counting kit-8; DMEM, Dulbecco's modified Eagle's medium; FBS, fetal bovine serum; LPA, lysophosphatidic acid; LPC, lysophosphatidylcholine; LPE, lysophosphatidylethanolamine; MALDI-TOF MS, matrix-assisted laser desorption/ ionization time-of-flight mass spectrometry; PBS, phosphate-buffered saline; PC, phosphatidylcholine; PE, phosphatidylethanolamine; PI, phosphatidylinositol; PS, phosphatidylserine; phos-tag, 1,3-bis[bis(pyridin-2-ylmethyl)amino]propan-2-olato dizinc(II) complex; THAP, 2,4,6-trihydroxyacetophenone; TLC, thin-layer chromatography; PLA 2 , phospholipase A 2 ; PLD, phospholipase D and 1,2-diheptadecanoyl-sn-glycero-3-phosphate were from Serdary Research Laboratories (London, ON, Canada). 1-Heptadecanoyl-2-lyso-sn-glycero-3-phosphate (17:0 LPA) was prepared from 1,2-diheptadecanoyl-sn-glycero-3-phosphate by treating with PLA 2 as previously described. 19) The foodstuffs used in this study were leaves of cabbage, leaves of a dark green leafy vegetable called komatsuna in Japan (Brassica campestris), roots of radish, fruits of tomato, roots of carrot, flowers of broccoli, seeds of green soybean, bulbs of onion, leaves of spinach, minced meat and yellowtail fish muscle. The minced meat was a mixture of pork, beef and poultry. The foodstuffs were purchased from local markets.
Preparation of the LPA fraction from foodstuffs. Lipids were extracted by the method of Bligh and Dyer 20) with minor modification. First, fresh vegetables (2.5 g, wet weight) were mashed by grinding in a mortar with a pestle for 3 min at room temperature. The homogenate of each vegetable was suspended in 28.5 ml of a mixed solvent consisting of chloroform/methanol/water (7.5:15:6, v/v/v). Then, 7.5 ml each of chloroform and water were added for phase-separation. After adding 0.1 ml of 6 N HCl for acidification, the homogenate in the mixed solvent was vigorously shaken and centrifuged. The lipids were obtained from the chloroform (lower) phase, and the LPA fraction was prepared by thin-layer chromatography (TLC) of the lipid extract with chloroform/methanol/28% ammonia (65:35:6, v/v/v). When preparing an LPA fraction from a high-fat foodstuff, sequential two-phase separation was conducted. In brief, the homogenate of minced meat, yellowtail meat or green soybean was partitioned between a two-phase solvent system consisting of chloroform/methanol/0.5% ammonia (15:15:13.5, v/v/v). After centrifugation, the chloroform phase, which contained large amounts of triglycerides, was discarded. An equal volume of chloroform and a small amount of 6 N HCl were added to the remaining upper phase. LPA was recovered from the chloroform phase and purified by TLC as already described. LPA (17:0) was added to the homogenate just before lipid extraction as an internal standard. The LPA homologues were determined by MALDI-TOF MS as described later.
Analysis of phospholipids in cabbage leaves. Cabbage leaves were boiled for 3 min in a glass beaker and drained on a paper towel. The boiled leaves (2.5 g, wet weight) were homogenized in a mortar by grinding with a pestle for 3 min. As a control preparation, non-treated raw cabbage leaves (2.5 g, wet weight) were homogenized by grinding, and the resulting homogenate was heated in a glass test tube for 3 min. The homogenate of the cabbage leaves was subjected to lipid extraction as already described, and the phospholipids were isolated by two-dimensional TLC with chloroform/methanol/28% ammonia (60:35:5, v/v/v) as the first solvent system and with chloroform/ acetone/methanol/acetic acid/water (50:20:10:13:5, v/v/v/v/v) as the second solvent system. The isolated phospholipids were recovered from the silica gel and quantified by the method of Bartlett. 21) The lipids in cabbage leaves masticated by a healthy man (age 23) were also analyzed. First, 5 g (wet weight) of cabbage leaves boiled for 3 min was masticated for 0.5 min. As a control preparation, non-treated raw cabbage leaves were masticated by the same person and then heated in a glass tube for 3 min. The lipids of the masticated leaves were extracted as already described. LPA and phosphatidic acid (PA) were isolated by two-dimensional TLC as already described and quantified by the method of Bartlett. 21) The concentrations of LPA homologues in the supernatant fraction of the masticated cabbage leaves were then determined. First, 5 g (wet weight) of raw cabbage leaves were masticated for 0.5 min, and the homogenate was boiled for 3 min. After filtration through gauze, the filtrate was centrifuged at 1; 800 Â g for 5 min. The lipids were extracted from the supernatant fraction by the method of Bligh and Dyer 20) under acidic conditions. In the case with native saliva, saliva (18 ml) was collected from the healthy volunteer within 20 min and centrifuged at 4 C. After centrifugation, the supernatant fraction was subjected to lipid extraction after 17:0 LPA had been added to the preparation. The LPA fraction was prepared by TLC and subjected to MALDI-TOF MS. All experiments were carried out by following the guidelines of the Declaration of Helsinki. The study protocol was approved by the local ethics committee of Fukuyama University.
MALDI-TOF MS of LPA. Quantification of the LPA homologues was conducted by MALDI-TOF MS with Phos-tag as previously described. 18) Methanol was used as the solvent for preparing the LPA/ Phos-tag complex instead of a 10 mM Tris-borate buffer (pH 8.0). The matrix/analyte cocrystal was analyzed by a Voyager DE STR instrument (Applied Biosystems, Framingham, MA, USA) in the positive mode. The wavelength of the nitrogen-emitting laser, pressure in the ion chamber, and accelerating voltage were 337 nm, 3:7 Â 10 À7 Torr, and 20 kV, respectively. To enhance the reproducibility, 256 single-laser shots were averaged for each mass spectrum. Based on the intensity ratio of the homologues of LPA/Phos-tag against the 17:0 LPA/Phos-tag of the internal standard, the amount of each LPA homologue was determined after correcting the detection efficiency and subtracting the intensity of the (M + 2) ion.
Treatment of the homogenate of cabbage leaves with pancreatic digestive enzymes. A crude fraction sold as porcine pancreas lipase was used. According to the manufacturer, the crude enzyme fraction contained several pancreatic digestive enzymes, including amylase and protease, in addition to lipase. The pancreatic enzyme fraction was dissolved in a 0.5 M Tris-HCl buffer (pH 7.4) at 3 mg/ml. Cabbage leaves (10 g, wet weight) were ground, and the resulting homogenate was suspended in 77.5 ml of a 0.5 M Tris-HCl buffer (pH 7.4). The suspension was mixed with 10 ml of the pancreatic enzyme solution and 2.5 ml of 0.02 M calcium acetate. After incubating at 37 C while continuously shaking, 10-ml aliquots of the reaction mixture were withdrawn and subjected to lipid extraction. LPA and PA were isolated by two-dimensional TLC as already described. The amount of lipid phosphorus was determined by the method of Bartlett.
21)
Proliferation assay. Swiss 3T3 cells were obtained from American Type Culture Collection (Manassas, VA, USA). The cells were seeded at a density of 5,000 cells per well in 96-well culture plates, and maintained in 0.1 ml of Dulbecco's modified Eagle's medium (DMEM) containing 10% fetal bovine serum (FBS), 100 U/ml of penicillin, and 100 mg/ml of streptomycin in a humidified atmosphere of 5% CO 2 and 95% air at 37 C for 24 h. The cells were then incubated with 0.1 ml of a serum-free medium (DMEM containing penicillin and streptomycin) for 24 h. After replacing the medium with 0.09 ml of the same serum-free medium, 0.01-ml aliquots of the test solution containing 18:1 LPA or cabbage lipids were added to the cell culture. A test solution containing cabbage lipids was also prepared. First, raw vegetables (2.5 g, wet weight) were mashed by grinding in a mortar with a pestle for 3 min at room temperature. The lipids were extracted from the homogenate by the method already described, and dispersed in 10 ml of phosphate-buffered saline (PBS) containing 0.3% BSA. Ten-microliter aliquots of this original solution were added to 0.09 ml of culture medium in each well. The term ''dilution 1'' is used for this assay mixture. Thus, 1 ml of this assay mixture contained lipids extracted from 25 mg (wet weight) of raw cabbage leaves. The abovementioned original solution containing cabbage lipids was sequentially diluted and used for the bioassay. The term ''dilution 0.1'' means the assay mixture with a 10-fold dilution of the original solution of cabbage lipids. In the experiments using Ki16425, an LPA-receptor antagonist, the compound was dissolved in saline and added to each well 5 min before adding the agonist solution. Cell proliferation was assessed by using cell-counting kit-8 (CCK-8) (Dojindo Laboratories, Kumamoto, Japan). Twenty-four hours after stimulation, a CCK-8 solution was added to each well and incubated further for 4 h to allow the coloring reaction that formed formazan dye. The dye produced by the living cells was monitored by the absorbance at 450 nm.
Wound-healing assay. Swiss 3T3 cells and HGC-27 cells (Riken Cell Bank, Tsukuba, Japan) were grown in 35-mm plastic dishes at a density of 1:5 Â 10 5 cells and 2:5 Â 10 5 cells per dish, respectively, in 2 ml of DMEM containing 10% FBS in a humidified atmosphere of 5% CO 2 and 95% air at 37 C for 24 h. The cells were then incubated in 2 ml of serum-free medium for 24 h. The confluent monolayer of the cells was pierced with a rubber-coated needle to make round wounds of approximately 0.5 mm in diameter in the cell monolayer. After washing the cells with the serum-free medium, the cells in the dish were incubated with 1.9 ml of the serum-free medium for 10 min, and 0.1 ml of 18:1 LPA or the cabbage lipid solution was then added. After stimulation, digital photomicrographs of the wounded areas were taken, and closure of each wound defect was analyzed. The method for preparing the solution of cabbage lipids, definition of the ''dilution factor'' for the concentration of cabbage lipids and the method used for the LPA receptor antagonist experiment were the same as those described for the proliferation assay.
Statistical analysis. A statistical analysis of the difference between two means was performed by Student's t-test.
Results
Amounts of LPA homologues in several foodstuffs A typical mass spectrum of the Phos-tag adducts of LPA homologues obtained from cabbage leaves is shown in Fig. 1 Figure 2 shows the amounts of LPA homologues in several foodstuffs. Vegetables belonging to the Cruciferae (cabbage leaf, broccoli flower, komatsuna leaf and radish root) were found to contain abundant LPA. The LPA molecular species profile for each of these vegetables was similar and characterized by an abundance of 18:3 LPA. In contrast, the amount of total LPA in minced meat (1:0 AE 0 nmol/g, wet weight) was very low, while the amount of LPA in yellowtail fish muscle was under the detection limit for our analytical conditions (<0:1 nmol/g wet weight). The amount of LPA detected in cabbage leaves (21:0 AE 6:0 nmol/g wet weight) was the highest among the foods examined (Fig. 2K) . Thus, in this study, we focused on the cabbage leaf as an LPA source.
Formation of LPA and PA during grinding of fresh cabbage leaves Figure 3 shows the phospholipid compositions of cabbage leaves that had been boiled before and after grinding. The profile of the phospholipids in cabbage leaves boiled after grinding was characterized by a high PA content, and low phosphatidylcholine (PC) and phosphatidylethanolamine (PE) contents. The abundance of PA in the homogenate of cabbage leaves is consistent with the observations reported by Hanahan and Chaikoff, 22) who have demonstrated the activation of cabbage phospholipase D (PLD) during grinding. Therefore, the low levels of PC and PE in this preparation can be explained by their conversion to PA by PLD that were activated during grinding. The low level of PA in the leaves boiled before grinding suggests the inactivation of cabbage PLD by boiling. Like PA, the content of LPA in cabbage leaves boiled before grinding was much lower than that in the leaves boiled after grinding. Interestingly, the level of LPC in the leaves boiled after grinding was lower than that in the leaves boiled before grinding. These observations indicate the possibility that LPA was produced from LPC by PLD that had been activated during grinding.
Formation of LPA during the digestion of cabbage leaves
Raw cabbage leaves were masticated for 0.5 min by a healthy volunteer, and the amounts of LPA and PA in the masticated cabbage leaves were determined (Fig. 4A) . The amount of LPA in masticated raw cabbage leaves (21:9 AE 4:9 nmol/g wet weight) was comparable to that detected in the ground cabbage leaves (Fig. 2K) . Abundant PA was also observed in the masticated raw leaves, suggesting PLD activation during mastication. Again, the boiled leaves were poor sources of LPA as well as PA. A supernatant fraction was prepared from the masticated cabbage leaves to deter- mine the concentrations of LPA homologues. The supernatant fraction, which consisted of saliva and cabbage juice, contained 16:0, 18:3, 18:2 and 18:1 LPA (Fig. 4B) . The profile of the LPA homologues was similar to that observed in ground cabbage leaves (Fig. 2A) . The concentration of total LPA was approximately 0.6 mM, this being 10 times that of the native saliva. Since the volume of the supernatant fraction of the masticated cabbage leaves (5 g, wet weight) was approximately 10 ml, the amount of LPA dissolved in the supernatant fraction was calculated to be 6 nmol. This is about 5% of the total LPA formed in the masticated cabbage leaves (110 nmol/5 g). Thus, 95% of LPA in the masticated cabbage leaves remained associated with the pellet fraction.
We next examined the possibility that PA formed during the mastication of cabbage leaves was converted to LPA during enzymatic digestion. When the homogenate of cabbage leaves was incubated with the pancreatic enzyme fraction, LPA was formed with a concomitant decrease in the amount of PA in a time-dependent manner (Fig. 4C) . We also confirmed that purified pancreatic PLA 2 hydrolyzed PA to LPA more effectively than PC to LPC (data not shown). These results made it evident that enzymatic digestion of the masticated cabbage leaves in the lower digestive tract produced LPA from PA by PLA 2 activity.
Cabbage lipids promoted cell proliferation and wound healing
Covering a tissue defect with proliferating connective tissue and re-epithelialization are important processes in the healing of ulcers. 23) We examined the effect of cabbage lipids on the proliferation and motility of fibroblasts and gastric epithelial cells. As shown in Fig. 5B , cabbage lipids induced the proliferation of Swiss 3T3 fibroblasts in a concentration-dependent manner. The cabbage lipid-induced proliferation was inhibited by Ki16425, an LPA receptor antagonist, in a concentration-dependent fashion (Fig. 5C ), indicating Cabbage leaves were boiled (3 min) before grinding (unfilled column) or after grinding (filled column). Each phospholipid was isolated from the lipids of the ground leaves by two-dimensional TLC for quantification. Each value shown is the mean AE S.D. of three independent experiments and is expressed as a percentage of the total phospholipids. Ã P < 0:05 (compared with being boiled before grinding).
that the effect of cabbage lipids was mediated by an LPA receptor. We next examined the effect of cabbage lipids on cell motility. When Swiss 3T3 cells were incubated in the serum-free medium, the cells did not migrate into the round wounds during 24 h of incubation ( Fig. 6A and B) . In contrast, the cells migrated into the wound area when they had been incubated with LPA ( Fig. 6C and D) or cabbage lipids (Fig. 6E and F) . The effect of cabbage lipids on the motility of Swiss 3T3 fibroblasts was observed to be in a concentrationdependent manner, and it was abolished by Ki16425 (Fig. 6H) . Under the same experimental conditions, the lipids from minced meats did not promote cell motility (Fig. 6I) .
The wound-healing activity of cabbage lipids was also examined by using HGC-27 cells, an epithelial-like cell line originating from a human gastric cancer. This cell line has been shown to express LPA 1 and LPA 3 receptors.
24) The photomicrograph shows that the cells migrated toward the center of the round wound when they had been incubated with cabbage lipids (Fig. 7A  and B) . In contrast, in the presence of Ki16425, the rate of migration was reduced (Fig. 7C and D) . We confirmed that the motility of HGC-27 cells was promoted by LPA, and that Ki16425 could inhibit the effects of LPA (Fig. 7E) . The cabbage lipids from a concentration of ''dilution 0.01'' induced significant wound-healing activity (Fig. 7F) . In experiment A, 5 g (wet weight) of boiled or raw cabbage leaves was masticated for 0.5 min and subjected to lipid extraction. LPA and PA were isolated by two-dimensional TLC for quantification. Each value shown is the mean AE S.D. of three independent experiments and is expressed as nmol/g wet weight.
Ã P < 0:01. In experiment B, 5 g (wet weight) of raw cabbage leaves was masticated. A supernatant fraction (approximately 10 ml) was obtained from the masticated cabbage leaves or saliva by centrifugation. Lipids were extracted from each supernatant fraction for the isolation of LPA. The amount of LPA was analyzed by MALDI-TOF-MS. Each value shown is the mean AE S.D. of three independent experiments and is expressed as mM. In experiment C, 10 g (wet weight) of ground cabbage leaves was treated with the pancreatic enzyme at 37 C. Aliquots of the reaction mixture were withdrawn and subjected to lipid extraction. LPA and PA isolated from the lipids were quantified. Each value is the mean AE S.D., from experiments performed in triplicate.
Ã P < 0:05 (compared with the amount at 0 min). Similar results were obtained in another independent experiment. 
Discussion
We have demonstrated in this study the occurrence of LPA in several vegetables. Among those tested, cabbage leaves were the richest source of LPA. Most of the LPA detected in cabbage leaves is considered to have been formed during homogenization of the leaves. The enzyme responsible for LPA production may be PLD. It has long been known that cabbage contains abundant PLD 25) and that repeated grinding of raw cabbage leaves activates PLD to form PA from endogenous phospholipids. 22 ) Since an increase in the level of LPA was accompanied by a concomitant decrease in the level of LPC in the ground raw leaves, it seems likely that endogenous LPC was the direct precursor of LPA. In this regard, Long et al. 26) have reported that the PLD activity of cabbage hydrolyzed not only diacylphospholipids but also lysophospholipids.
Other evidence for the presence of LPA in the homogenate of cabbage leaves is the biological activity of the cabbage lipids. The cabbage lipids induced cell proliferation and enhanced cell motility in Swiss 3T3 cells and HGC-27 cells, and Ki16425, an LPA-receptor antagonist, effectively inhibited these effects. In these experiments, the concentration of cabbage lipids at ''dilution 0.01'' induced a significant biological response. At ''dilution 0.01,'' 1 ml of the culture medium contained the lipids extracted from 0.25 mg (wet weight) of cabbage leaves. The concentration of the cabbage lipids in this solution was equivalent to 1.5 liters of a solution containing the lipids extracted from 0.375 g (wet weight) of cabbage leaves. The volume of the stomach of an adult man is 1.5 liters. Thus, the amount of cabbage leaves that a person can easily consume in a meal is comparable to the amount required for the induction of its biological effects. PA formed during the mastication of cabbage leaves is important as a potential precursor of LPA in the digestive tract. As shown here, treatment of the cabbage homogenate with a pancreatic enzyme fraction produced LPA. Since the amount of PA in masticated cabbage was 10 times that of LPA, LPA may have been continuously formed from abundant PA by PLA 2 during the digestion of cabbage leaves in the lower digestive tract. A wellknown source of PLA 2 in the digestive tract is the pancreas, and it is believed that the digestion of phospholipids occurs below the duodenum, to which the pancreatic duct is connected. However, pancreatictype PLA 2 activity with the neutral pH optimum has been reported to be abundant in guinea pig and rat gastric mucosa. 27, 28) If PLA 2 exists in the mucous gel layer, where secreted bicarbonate ions neutralize gastric acid, 29) it may exert its enzymatic activity toward PA to form LPA within the gel. The concentration of LPA in the stomach and lower digestive tract may be increased as enzymatic digestion proceeds.
Decomposition of LPA in the digestive tract also affects the concentration of LPA. In this regard, we examined the stability of LPA by incubating it with 1 N HCl and saliva. The results show that LPA was not degraded in up to 10 min of incubation under these conditions (data not shown). Although the presence of enzymes that degrade LPA in the digestive tract is unknown, the pancreatic enzyme fraction used in this study had not decreased the level of LPA after 4 h of incubation (data not shown). It thus seems that pancreatic juice does not contain any of the significant LPAdegrading activities such as lysophospholipase and LPA phosphatase. These observations imply that LPA reaches the apical surface of epithelial cells without further degradation in the upper and lower digestive tract. In this regard, it has been reported that LPA 2 was present on the apical surface of intestinal epithelial cells 15) and that a newly discovered LPA-responsive receptor (GPR 92/93) was distributed in the small intestine and stomach. 30) In the healing of gastric ulceration, granulation tissue consisting of proliferating connective tissue, including fibroblasts and endothelial cells, develops for restoration of the lamina propria mucosa and microvasculature within the scar. After that, epithelial cells migrate to restore mucosal epithelial continuity. 23) We have shown here that cabbage lipids induced the proliferation and migration of Swiss 3T3 fibroblasts which express LPA 1 , LPA 2 and LPA 4 .
31) The cabbage lipids also efficiently promoted the motility of HGC-27 cells, gastric epithelial-like cells which express LPA 1 and LPA 3 , but not LPA 2 . 24) Considering these facts, the ingestion of cabbage leaves may affect the healing process of gastric ulceration. It has long been known that the ingestion of fresh cabbage reduced the period of healing of ulcers of the stomach. 32) LPA formed during the mastication and digestion of fresh cabbage leaves may be one of the factors to explain the beneficial effects of cabbage on the damaged digestive tract.
